In the course of primary care for a small population of men paralysed due to myelo pathy an unexpected number of patients with residua of Graves' disease has been observed. Graves' disease is characterized mainly by 2 conditions: (a) proptosis and (b) thyrotoxicosis. 1 Proptosis, once present, does not remit. 2 Thyrotoxicosis, sometimes recurrent, does remit, but often with a residuum of supraventricular arrhythmia or with a natural course leading to myxe dema.3,4 Hyperthyroidism was not recog nized during the 5 years of observation in the population to be described, but several patients exhibited proptosis, supraventricu lar arrhythmia, or myxedema. Since these observations are objectively measurable, a survey was conducted to test the clinical impression of residua of Graves' disease complicating myelopathy.
Methods

Subjects
The records of 77 patients, who represented 96% of those receiving inpatient or outpati ent continuing care at this spinal cord injury facility for the index year, 1986, were surveyed. All patients were male veterans, 75 were white and 2 black. The age was 59 +/-14 years (mean +/-1 standard de viation), range 30 to 95; the duration of paralysis was 19 +/-11 years, range 2 to 44; the median level of injury was C6, range Cl (incomplete) to L4 with 56 being quadri plegic. The cause of spinal paralysis was traumatic in 67 and medical in 10.
Control subjects for exophthalmometry were 53 male volunteer outpatients and hospital employees aged 57 + / -15 years, range 26 to 82.
Control subjects for the cardiac arrhyth mias were 91 male veterans receiving inpati ent or outpatient care at the same institu tion. The age was 59 +/-13 years, range 30 to 80. These subjects were chosen by ran dom sampling of the electrocardiographic files stored at the hospital. None of the subjects had myelopathy.
Exophthalmometry
The Hertel instrument for exophthal mometry was used,5 and measurements were read by a single examiner (BF). The subjects were sitting upright, out of bed, for examination. 6 The upper limits of normal for ocular protrusion were considered to be 22 mm for white men, 25 mm for black men, and not more than 2 mm for the difference between each eye. 7 
Electrocardiography
Routine 12 lead electrocardiography had been carried out for both groups of subjects at intervals throughout various hospitaliza tions and outpatient visits.
A premature atrial contraction (PAC) was recognized by a shortened RR interval due to a premature and deformed P wave followed by an unchanged QRS complex and a normal RR interval (no compensatory pause).
A premature ventricular contraction (PVC) was designated by a shortened RR interval due to a widened and deformed QRS complex with changed initial vector and no preceding P wave, followed by a long RR interval (compensatory pause).
A junctional rhythm (JR) was designated by the criteria for premature atrial contrac tions except for the absence of a P wave or a reversal of a detectable P wave vector.
Atrial tachycardia (AT) was diagnosed if the QRS complexes were regular, not deformed, and occurring at a rate greater than 170 per minute.
Atrial flutter (AF) was designated if the P rate was 250 to 350 and the QRS complexes were not widened. Atrial fibrillation (AF) was designated if a wavy baseline replaced P waves, the QRS configuration was not widened, and the rhythm was irregular. 8
Thyroid fu nction tests
These tests were performed by the hospital nuclear medicine department by radio immunoassay (Magic kit by Corning-Ciba, Medfield, MA). Thyroid function tests were recorded only if the subject had been afebrile for 30 days, to avoid the abnormali ties induced by acute medical illness. 9 
Statistical comparisons
The myelopathy and non myelopathy ex ophthalmometry groups were compared for the number of subjects with abnormal read ings and also by the distributions of the measurements. The significance of the dif ference between the means of these dis tributions was assessed by the Student t test.
The myelopathy and non myelopathy EKG groups were subselected for subjects with electrocardiograms which showed ar rhythmias. Arrhythmias were classified as supraventricular or ventricular and subjects were similarly classified according to the predominant arrhythmia recorded. The ra tios of supraventricular to ventricular ar rhythmias in the myelopathy and non mye lopathy subjects were calculated and the difference between these ratios assessed by the chi square test.
Results
Eye signs
Nine (12.2%) of the paralysed subjects had abnormal ex ophthalmometry , and 7 of these had bilaterally symmetrical exophthalmos. None of the control group had exophthal mos. The average ocular protrusion was 17.2 +/-3.6 mm, range 10 to 27 mm for the myelopathy patients and 14.9 +/-3.9 mm, range 8 to 22 mm for the controls (t = 3.52, p < 0.001). Examples of exophthalmos are shown in Figures 1 and 2 Table 2 ). The likelihood of any arrhythmia being supraventricular was 4 times greater in the myelopathy patients.
Thyroid fu nction tests
Seventy-four of the myelopathy patients had thyroid function testing.
Two patients were chemically hypo thyroid with thyroid stimulating hormone (TSH) levels consistently >20 uU/ml (normal <5 uU/ml) but had no complaints. After L-thyroxine adminstration, however, both patients noted easing of their usual constipation.
Two patients had repeatable elevations of Total subjects with arrhythmia
26
Supraventricular arrhythmia was predominately PAC in 15, AF in 9, and AT in 1 in the myelopathy group, PAC in 5, AF in 6 in the control group. The ratio of supraventricular to ventricular arrhythmia was significantly greater in the myelopathy group: 2.8 for myelopathy patients vs 0.7 for control subjects. Chi square = 5.9842, p < 0. 02.
Discussion
A high prevalence of exophthalmos was confirmed, being found in 12% of chronic myelopathy patients, previous reports of this association not being found. By far the most likely explanation for exophthalmos, whether bilateral or unilateral, is Graves' disease.ll Computerized tomography (CT) of the orbits was carried out in 2 of the proptotic subjects and characteristic hyper trophy of extraocular muscle was found. No other explanations for ocular protrusion such as tumor cysts, granuloma, or ar teriovenous fistula were found. The other 7 patients did not receive CT scanning.
Although the onset of exophthalmos is closely related to the onset of hyperthyroid ism, the persistence of exophthalmos is observed in the euthyroid state, after the remission of hyperthyroidism.1, 2 The pos sibility of having overlooked earlier epi sodes of thyrotoxicosis exists because many symptoms are mediated through the sympa thetic nervous system, which, in the myelo pathy patient is badly damaged. 1 2 Thus the palpitation, tremor, restlessness, and weak ness, characteristic of thyrotoxicosis and controlled with sympatholytic agents in the neurologically intact man,13 might be less dramatic in the spinal man. For example, 2 patients in another group of myelopathy patients followed at the nearby Veterans Administration hospital at West Roxbury developed acute proptosis. One was proven to have thyrotoxicosis, but one was not tested at the onset of exophthalmos.
A high fraction of all arrhythmias in the myelopathy patients were supraventricular as compared with controls, even though the groups were matched for age, which is a major determinant of the common arrhyth mias-premature atrial contraction, atrial fibrillation, and premature ventricular con traction.14,15 Stress, fatigue, smoking, alco hol abuse, caffeine intake, use of cardiac glycosides, and underlying heart disease were not compared in the groups surveyed, but these factors induce both supraventricu lar and ventricular arrhythmias. 4 References cite supraventricular arrhyth mias in hyperthyroid patients in perhaps 20% , and note that atrial fibrillation persists after the onset of euthyroidism in half of these cases. 3.16 It is conceivable that residual cardiac as well as ocular effects are being observed. No other reports of these eye and heart abnormalities in myelopathy patients have been found.
The high prevalence of hypothyroidism in myelopathy patients has been reported, however. Prakash et at found a 0.9% prevalence as compared with the 2.7% prevalence reported here, both rates being some 10 times greater than that reported for men in a general population, < 0.1 % .17 If it is recalled that over many years the eventual course of thyrotoxicoses, even when un treated by surgery or irradiation of the thyroid gland, is one of hypothyroidism, 4 then the possibility of a residuum of Graves' disease in the myelopathy patients can be raised again.
Taken in separate groups, the 9 patients with exophthalmos, the 25 with supraven tricular arrhythmia, and the 2 with hypo thyroidism can suggest a disposition of the myelopathy patient to Graves' disease. Tak ing only patients with a combination of conditions, there are 3, these having both proptosis (extensive) and atrial fibrillation.
Even this smaller number of suspected Graves' disease is, at a 3.9% prevalence, much greater than expected, 0.2% .1 8 Graves' disease is considered an auto immune disorder with genetic predisposi tion. 19 An immune reaction to a bacterial infection has been implicated, however, in Scandinavian populations with enteropa thies due to Yersinia enterocolitica. 2 0 The considerable bacterial infection of the urin ary tract and the large bowel stasis with implicit bacterial overgrowth in the myelo pathy patient may be relevant to this prob lem.
In conclusion it is suggested that acute
References
Graves' disease complicating myelopathy 597
and chronic myelopathy patients be ob served for the onset of Graves' disease. The early detection of exophthalmos permits a more effective treatment, with steroids and radiation, 2 1 of this sometimes disfiguring complication of myelopathy. The anticoagu lation of the patient with the onset of atrial fibrillation can prevent an associated sys temic thromboembolic event. 3 , 22
